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T H E INFLUENCE OF THE METALLIC ION IN ELECTRO
LYTIC SOLUTIONS UPON THE POTENTIAL DIFFER

ENCES BETWEEN THE SOLUTIONS AND A 
METALLIC ELECTRODE. 

BY FLORELLA K. FINNEY. 

The purpose of the investigation has been to determine the influence 
of the metallic ion in electrolytes in water solution upon the potential 
difference between the solution and electrodes of various metals. The 
method used has been to make cells containing two equimolecular so
lutions having different metallic ions and separated by a gelatine mem
brane, with electrodes of one and the same metal in both solutions. The 
direction of the current produced has indicated in which solution the 
metal electrode has become the more electronegative by going into 
solution. 

According to a theory proposed by Professor F. Sanford, a metal 
should go into electrolytic solution the more readily as the metallic ions 
of the electrolyte are more electropositive. Professor Sanford tested 
this hypothesis for equimolecular solutions of zinc sulphate and copper 
sulphate, using four different metals as electrodes. It was found that 
when both electrodes were of the same metal, the electrode in the copper 
sulphate solution acted like the copper and the electrode in the zinc 
sulphate solution acted like the zinc in an ordinary Daniell cell. The 
investigation described in this paper was for the purpose of testing the 
hypothesis for a greater number of metals and a large variety of solutions. 

The method of procedure was as follows: The base of an ordinary U-
tube was filled with a freshly prepared gelatine solution. After this had 
set, the tube was rinsed in distilled water to remove any free gelatine, 
and the arms were filled with the solutions to be tested. Without delay, 
electrodes of similar pieces of the same metal were dipped into the two 
solutions. The circuit was completed through a sensitive galvanometer 
in series with 100,000 ohms. The deflection of the galvanometer in
dicated the direction of the current. The U-tube was so placed in a 
supporting case that the observer could observe the initial deflection of 
the galvanometer while dipping the metals into the solutions. A de
flection of one centimeter on the scale indicated a potential difference be
tween the cell terminals of .0036 volt. 
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Solutions of the nitrates, chlorides and sulphates of potassium, sodium, 
ammonium, barium, calcium, zinc, hydrogen, copper and ferric iron 
were used. Added to this list were the hydroxides and bromides of 
potassium and sodium, the iodide of potassium and the sulphate of 
nickel. The concentration of every solution was one-tenth normal 
(allowance being made in every instance for the water of crystallization) 
except in the cases of the sulphates of barium and calcium. Saturated 
solutions of these salts were used. 

Copper, zinc, silver, nickel, cadmium, tin, platinum and bismuth elec
trodes were used in the course of the investigation, but most of the 
work was done with the first four mentioned. The direction of deflec
tion was entirely independent of which metal was used for the electrodes, 
and was determined entirely by the character of the electrolytes. 

Before each immersion the electrodes were carefully sandpapered, 
then rubbed with a clean cloth, so that their surfaces were metallic, not 
oxidized. The dimensions of the electrodes were roughly as follows: 
Rods of copper 2 mm. in diameter; nickel .75 mm.; zinc, 8 mm.; tin, 7 
mm.; cadmium, 6 mm.; bars of silver 2 mm. X 4 mm. The depth of 
immersion varied from one to five centimeters. It was observed that 
though the surface of the nickel electrodes was very much less than that 
of the other metals, the deflections were often much greater with the 
nickel electrodes than with the others. Apparently some of the solu
tions had a tendency to induce a passive condition in nickel. 

Records were kept of the deflections due to some two hundred cells. 
In each case three or more readings were taken of the first deflection 
with each pair of electrodes used; then the electrodes were reversed in 
the solutions and three or more readings were taken with the new ar
rangement. In some cases the solutions were interchanged in the U-
tubes, so as to eliminate any possibility of an interaction with gelatine 
causing the current. 

The results of the investigation show that the metals can be arranged 
in a series in the order in which the presence of their ions in a water so
lution affects the solution tension of a metal when placed in the solution. 
Furthermore, this series is the same as the contact electromotive series. 
That is, if both electrodes be of the same metal, the electrode in the solu
tion which contains the more electropositive ion has the higher solution 
tension and accordingly corresponds to the zinc electrode, while the 
electrode in the solution which contains the less electropositive ion cor
responds to the copper of the ordinary Daniell cell. The order of this 
arrangement of the metals was determined to the satisfaction of the writ
er as follows: potassium, sodium, ammonium, barium calcium, zinc, 
nickel, hydrogen, copper and ferric iron. 
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There were a few irregularities in certain solutions. Thus, while 
metals in KBr, KOH, KC1 and KN0 3 showed a higher solution tension 
than in the corresponding sodium solutions, the reverse was the case 
with K2SO4 and Na2S04. The metals for which this was found to be 
true were copper, cadmium, zinc, nickel, tin and silver. The position 
of the NH4 ion was always below that of the sodium ion in the series, 
but in the case of the K2SO4 solution above mentioned the potassium ion 
came below the NH4 ion in the series. This seems to indicate that if 
the salt used was pure potassic sulphate, the potassium ion acted abnor
mally in this combination. The salt in question was obtained from the 
supply room of the Chemistry department, and was not analyzed. 

The positions of the barium and calcium ions were not checked as 
thoroughly as the remaining members of the series. 

While zinc was found to be above hydrogen in the series, the initial 
deflection of the galvanometer rapidly reversed. Also, if the electrodes 
were not sandpapered before interchanging in the solutions the current 
reversed when the change was made. Careful cleaning of the electrodes 
before exchanging them always gave the deflection in the original direc
tion. Exposure to the air or merely rubbing with a cloth did not remove 
the cause of the reversal. The electrodes with which this reversal of 
deflection was observed were of copper, silver, nickel and zinc. 

Nickel ions are placed above the hydrogen ions in the series, but in 
this case, as in that of zinc and hydrogen ions, the initial deflection very 
quickly reversed. With nickel and zinc salts the nickel ions were con
sistently below the zinc ions in the series, and there was no reversal of 
the initial deflection. The solution tension of the metals used was found 
to be always higher in solutions of the acids H2SO4, H O , HNO3 than in 
equimolecular solutions of their copper salts. 

It is an interesting result that copper, nickel and hydrogen ions in 
sulphate and nitrate solutions cause the electrode immersed in them to 
have a higher solution tension than in corresponding solutions of ferric 
sulphate and ferric nitrate, though iron is usually placed above these 
elements in the contact electromotive series. This seems to indicate 
that the ions of ferric iron, at least, occupy the position in the electromo
tive series usually assigned to passive iron. The same relation between 
the iron and hydrogen ions was shown with ferric chloride and hydro
chloric acid solutions. 

It was also found that for the same metallic ion in both solutions the 
solution tension of the electrodes was determined by the character of the 
negative ion. Solutions of the chlorides and bromides of potassium and 
sodium and the iodide of potassium all agreed in showing that the so-
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lution tension of a metal is greater in the presence of iodine ions than in 
the presence of bromine ions, and is greater in the presence of bromine 
than of chlorine ions. 

To test the influence of the concentration of the solutions, cells of 
copper sulphate and zinc sulphate solutions were thoroughly investi
gated. The investigation showed that while an increase of concentra
tion of either solution caused a decrease of the solution tension of the 
metal electrode, this decrease was greater in the case of copper than of 
zinc ions. When the zinc sulphate solution was very concentrated and 
the copper sulphate solution was very dilute, the galvanometer deflec
tion was appreciably decreased, but was not reversed. 

The results of the investigation seem to the writer to indicate that, in 
accordance with Professor Sanford's hypothesis, the solution of any of 
the electrolytes used decreases the specific inductive capacity of £he 
water, but the more electropositive an ion the less it decreases the specific 
inductive capacity of the water. 

STANFORD UNIVERSITY, C A L . , 

May, 1915. 


